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Abstract 

An investigation into the causes of non-com- 
pliance by patients using eyedrops has been 
undertaken by questionnaire, ability teets, and 
by tests on eye drop botdes. The results indicate 
a high prevalence of non-compliance, com- 
pounded by an Inability adequately to instil a' 
drop into the eye. About half the patients had 
difficulty aiming the drop, and other problems 
including squeezing the bottle, blinking, and 
seeing the tip of the bottle. Ability tests in- 
cluded a measurement of the grip strength of 
patients to complement measurement of the 
force required to expel a drop from a bottle. 
Some patients, particularly those with arthritis, 
could not generate enough force to squeeze a 
bottle. These same patients also had difficulty 
with the other movements required to 
administer drops. While some attempts have 
been made to produce devices to assist with 
eyedrops which can improve the aim of the 
patient, none give assistance in expelling a 
drop. An additional problem found was the 
reluctance uf patients to admit to medical staff 
that they experienced any difficulty with their 
drops. 



It is well established that complience of patients 
with a prescribed treatment is often inadequate. 
This may be due to a complex interaction of 
factors, prime among them being lack of know- 
ledge, inability) or disinterest. Eye preparations 
are no exception. 1 Several teams have under- 
taken studies in an attempt both to enumerate 
the extent of the problem and to understand its 
origin. 

One approach has been to use a special drop 
bottle with an electronic device to record drop 
administration. In one study 7 such a device 
showed that 41% of patients missed six or more 
doses over a 30-day period. A similar study' 
found that over half the patients missed 20% of 
their prescribed doses. Other studies have relied 
on interview 1 ' and observation*' and have pro- 
duced similar results. All these studies were 
undertaken with patients regularly using eye- 
drops for glaucoma, one of thcrrf indicating that 
13% of patients observed were unable to place 
drops in both eyes after several attempts. 

Interviewing patients using eyedrops after 
cataract surgery 1 ' revealed a similar range of 
problems and non-compliance. Other workers 
have also demonstrated problems with drop size, 
reporting a wide variation in drop size from 
commercial eye drops 10 and variation in the 
number of drops actually expelled by patients. 7 

Collectively these studies have shown that 
many patients have experienced difficulties in 
self-administration of eyedrops. Some possible 



reasons for this have been elucidated and some 
*at risk' groups identified. " Many of the prob- 
lems appear to be physical, that is, related to the 
ability of the patient to aim a drop accurately into 
the conjunctival sac. To help them several 
devices have been used and reported on. 
J-etocha" reviewed those available in 1985, 
which all attempted to help the patient aim more 
effectively. One was a plastic support device, ' 
another consisted of modified sunglasses, H while 
another had a system of mirrors to help the 
patient sec the dropper up. 11 Later published 
ideas have included a modified glasses frame 14 
and a cone shaped device to support and direct 
the dropper." The reports do not indicate 
whether the devices were successful in achieving 
their objective. However, it appears that then- 
design whs based on perception of a problem 
rather than on detailed analysis of factors in- 
volved. In addition one manufacturer has 
modified the bottle to assist in expelling a drop 
(MSD Ocumeter). 

A review 11 has reported that there are several 
problems which patients experience and which 
lead to non-compliance and concluded that it is 
therefore unlikely that one answer will be found. 
Because of the relative lack of published evidence 
it was decided to undertake a study aimed at 
elucidating the physical problems experienced 
by patients during eyedrop administration and 
from the results to derive guidance on the 
features required by a compliance aid. 



Material and methods 

Information was obtained by questioning 
patients, by ability tests, and by a physical 
evaluation of eyedrop bottles. 



QUESTIONNAIRE 

For the questioning the interviewer deliberately 
created an informal, relaxed atmosphere before 
asking a series of open-ended questions. Where 
possible, discussion was allowed to develop. In 
this way 200 patients attending che Eye Out- 
patients Department at Aberdeen Royal In- 
firmary were interviewed irrespective of their 
condition, only provided they were using eye- 
drops. The questions used explored the patients 1 
knowledge of their condition and its treatment, 
whether their compliance was good or bad and 
the reasons for this, how rhey administered their 
drops, any problems encountered, and whether 
they would welcome a compliance aid if a 
suitable one was available. 



ABILITY THST5 

Thirty patients in the eye surgery ward at 
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Woodend Hospital , Aberdeen, agreed to undergo 
a series of ability tests. 10ml bottles of hyprom el- 
Jose eyedrops BNF were used. 

( 1) Patients were asked to expel one drop into a 
preweighed vial. The increase in weight was 
recorded. 

(2) A sheet with a series of conceutric circles 
was used as a target. With the wrist resting on a 
block at a height of 4 cm the patients were asked 
to place a drop on the centre of the target. 

(3) The patients were asked to instil a drop of 
hypromcllose inrn one eye of their choice un- 
aided. They were asked to repeat the process 
using the Easidrop. 

(4) A dynamometer (Vigorimcter) was used to 
measure the pressure of squeeze exerted by 
finger and thumb (as on a bottle) and by the full 
hand. 



EVALUATION OF tXHTLF. 

A lest rig was used to measure the force required 
to expel drops of bypromeliose from 5, 10, and 
20 mi bottles (Cascelioid Division, BXL Con- 
tainers Ltd). The force was applied at the 
midpoint on the bottle side, away from the scam. 
Further tests, on 10 ml bottles only, were carried 
out to find the effects of the brittle scam, the 
position of applying the force on the bottle side, 
the quantity of liquid in the bottle, and the 
storage temperature on the force required to 
expel a drop. 



Results and discussion 

QUESTIONNAIRE 

The patients (average age 62, range 9-92) were 
being treated for glaucoma (32%), following 
surgery (25%), dry eye (10%), irritation and 
injury (10%), conjunctivitis, ulcers, and other 
conditions. Most knew the nature of their condi- 
tion (96%) and were satisfied with their under- 
standing of it. 

Compliance patterns are shown in Table I. 
Any assessment of a compliance level is un- 
reliable. By using a relaxed approach it was 
hoped that patients would be more open than in a 
more formal situation. Their readiness to admit 
problems and shortcomings would indicate a 
good level of accuracy and reliability in their 
responses. This being the case, 75% of patients 
complied well with instructions. Those who did 
not admitted a poor motivation owing to not 
understanding the function of the drops or an 
inability to use them. This finding suggests that 
if patients are well informed, as they were in this 



7 'able 2 I Problems encountered by patients during self 
medication with eyedrops 



Probltm 



*4 Pattentt 



Direct in p the IkhiIc (mix* frojucnWy) 
Directing the bottle [mk* occuiionutly) 
Shaky hand 
Squeezing ihc bottle 
B bnkimj 

Poor visibility of lip of dropper 
Prodding eye Willi cip dnipfiL-r 
Rcuding bbcls unii identifying honk* 



13 
e 

20 
12 
13 
9 
U 



sample, their motivation is not a major problem 
in achieving compliance. 

Over a third of patients did not administer 
their own drops regularly, with 21% always 
using assistance. Within this latter group, 8% 
had never tried self administration, 4% found it 
took too long, while the remaining 9% had tried 
but lacked the ability to place the drop in their 
eye. In total, 57% of patients admitted having 
some difficulty administering their drops. The 
main problems are presented in Table II. Dis- 
cussion with patients indicated that lack of 
confidence was a major factor, particularly fear 
of prodding the eye. As a result the bottle was 
often held too far from the eye, making the aim 
more difficult and encouraging the blink reflex. 
Older patients experienced physical problems in 
raising the arm, tilting the head, and in holding 
and squeezing die bottle. Some patients found 
breaking the tamper-proof seal on a new bottle 
difficult. 

The possibility of a compliance aid was wel- 
comed by 78% of patients, but none were aware 
that any aids were available. Surprisingly, 72% 
said that the interview was the first time chat they 
had been asked whether they had problems, 
while 69% said that they would not tell a doctor 
of their problems even if asked. This reluctance 
on behalf of patients was reflected in the lack of 
awareness among medical staff of the problems 
experienced by the patients. 



Table I Patterns of compliance in administration of 
eyedrop* 



ABILITY TESTS 

(1) The weight of eyedrop solution in each vial 
varied from 0 03 g ro 0-07 g (mean 0*39 g). 
Several patients expelled more than one drop. 

(2) Most patients said they thought they had 
aimed the target well. The results are presented 
in Table Hi. 

(3) Only six patients (20%) instilled a drop 
unaided first time. This was increased to 26 
(87%) with the Easidrop device. This latter 
figure may be artificially high because all the 
patients were laid fiat or almost flat so that no 
head-tilting was necessary. 

(4) The patients had a wide range of grip 
strength. The pressure recorded was converted 
to a force based on the area of the Vigorimetcr 



Compliant* 



L'scd drops as directed 
Missed an occasional dose 
Misted up tu two dostt j*r week 
Other rapoascs 
Adininiilcredown drujv 
Did to if no one el« available 
Always obtained assistant* 
Had newr tried sell administration 



Number nf 
patients 



128(64*} 
24(12*0 
32(16%) 
1 6 (8 V 

12-1(62%) 
*4(>7%) 
42<2)%j 
16(8%) 



Table 3 Accuracy of aim of paticnls as measured by means 
of target 4 cm below wrist height 



DiiLtnee jrntn twin tt/tar^ei 



Number of 
pat'unn 



Within 1-5 cm (fcimulaiiiii; eye) 
Between I *5 cm and 3 cm 
Greater than 3 cm 



9 
14 
7 
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bulb. The finger and thumb forces varied from 
8*3 5-100- 2 Kj while full grip values were 
between IS -03 and 183-7 N. Thus the force is 
roughJy doubled by using a full grip. 

EVALUATION OF BOTTLES 

* Data for the average force required ro expel a 
drop are presented in Table IV. A wide spread of 
results was obtained from the bottles tested, oot 
just between bottles but also depending on the 
number of previous squeezes or whether it had 
been held in the hand for a few minutes. So at 
best these results can give only an indication of 
the forces required to expel a drop in various 
situations. Storage in a fridge, ur pressing on the 
seam, increased slightly the force required. 
However, there was a marked increase as a botile 
was progressively emptied, presumably because 
of the higher compressibility of air than the 
hypromellose solution. 

The real significance of the results becomes 
obvious when these forces are compared with the 
force which the patients were able to exert. For 
most there was no problem, but some (approxi- 
mately 1 3% of our sample) could not expel a drop 
from the bottle. (The questionnaire sample gave 
a higher figure of 20%.) In general these patiem* 
arc those who have arthritic conditions, which 
also reduces their ability to raise the dropper to 
their eye. It may be physically impossible for this 
group to sclf-ad minister their drops without 
some additional aid. 

For |iaiients who were marginal in their ability 
to expel drops a second problem emerged from 
both the questionnaire and the ability tests. As 
the force being applied approached the limit of 
their capability, so the wobble of the hand 
increased. The questionnaire suggested that a 
further 8% were affected in this way, while 
observation of the practical tests suggested a 
much higher figure (approaching 50%;. From 
these data it appears that 25%-50% of patients 
using eyedrops may have severe physical diffi- 
culty in administering them. This wilJ manifest 
itself in failure to apply them, administering 
more than one drop (also reported by Kass/), or 
opting out and either noi trying or using a second 
person (30% of patients). A shaking hand affected 
the ability of some patients lo aim accurately. 
The ability tests (Table III) showed that only 
30% of patients could place a drop within 1 - 5 cm 
of the centre of a target (that figure taken to be 
the approximate size of the eye), and 47% were 
within 3 cm. This test was carried out in front of 
the patients, who could clearly see what they 
were doing. Corroborative evidence came from 
the questionnaire, where 49% admitted to miss- 
ing the eye at leasi occasionally, and from the 
observation of patients placing drops in the eye, 
where only 20% managed it first time. 

From this work it appears that we have 
identified two interrelated problems with the self 
administration of eyedrops: firstly, the lack of 
physical acuity, and secondly the inability to aim 
adequately. At present there is in die UK only 
one aid to assist with administering eyedrops - 
the Easidrop (produced by Quuteforce, UK). 
This .screws on to the standard bottle neck until 
the dropper tip is level with a guide mark and, 
being shaped like an eyebath with cut-away 



Tabk 4 A vcrage force required to expel a drop ft cm an 
eyedrop bottle at the midpoint on the side away from the seam 
at room temperature (unless stated to the contrary) 



Boiite/amtluion 


Average force 


5 mJ 


13-24 


10 ml 


H -76 


20 ml 


8-R2 


IOjuJ scored in fridge 


13-22 


10 xnJ midline tin sum 


12-84 


10 m) lulf i-mp(y 


(7-64 



sides, directs the tip of the bottle towards, but 
clear of, the eye. It will, therefore, improve the 
aim of patients - as was found in the ability tests 
- though it does not adequately account for 
gravity in a non-supine patient. Thus patients 
have to tilt their head back a long way, which 
may be difficult for those who arc elderly or 
arthritic. It also reduces ihe related problem of 
prodding the eye and lack of visibility of the tip, 
but does not help in expelling a drop. Several 
devices aimed at improving application have 
been described,"-' 7 but they are all concerned 
only with improving the aim. 

Apart from the evidence we have produced, 
demographic trends indicate that the number of 
patients experiencing difficulty will increase 
rather than decrease. Difficulty in administering 
drops increases with age. Projections indicate 
that the population of 85 years old and above will 
increase by a third over the next lfl years. Unless 
many of the patients are able to self-administer 
eyedrops, very heavy demands will be placed on 
lieal th service resources. Twelve years ago it was 
estimated that there were 100000 cases of 
chronic open-angle glaucoma. 4 This figure will 
have increased, and it takes no account of other 
conditions requiring the use of eyedrops. Because 
of this we have taken steps to develop an aid 
which will assist with the problems identified - 
namely, aim, tilting the head, squeezing the 
bottle, seeing the drop approaching the eye. It 
will also help in breaking the tamper-proof seal. 
A prototype device (Fig 1) is currently under- 
going evaluation with patients in both com- 
munity and hospital. If any compliance aid is to 
be beneficial, the patient must be aware of its 
existence. In our questionnaire we found a very 
disturbing reluctance on the part of patients to 




Figure I The Op tic an amtplionce aid, developed as a mult 
of this study in an attempt to case the problems experienced in 
the self administration of eyedrops. The device is currently 
undergoing evaluation with patients. 
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tell the doctor about any problems they had. 
Probably as a consequence of this we also found 
medical staff were less aware of their patients 1 
problems than is desirable. No doubi the barrier 
to free communication can be broken down if 
docions take a lead. There is probably also a need 
for an 'awareness campaign' aimed ai patients, so 
that they do not feel guilty or inadequate because 
they have problems administering their eye- 
drops. The availability of a suitable device will 
also help patients achieve safe administration 
and improve compliance. 

JVc gratefully acknowledge the asiintHnctrai'Mr Ernest P Prvhble 
in the dexgn and production of ihc Opticare device and all medical 
and nun»iog stuff and patients at the eye clinic ajid eye wards, in 
Aberdeen hospital ». 

The authors have no financial interest in the devices mentioned 
in this paper. 
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